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(57) ABSTRACT 

A liquid crystal display device significantly reduces power 
consumption and causes no signal delay when a liquid 
crystal panel performs an inversion-type drive. The liquid 
crystal display device comprises a digital controller, a level 
shift circuit, a digital-to-analog (D/A) converter, a liquid 
crystal panel, and a plurality of capacitors. In the D/A 
converter, a charging control circuit is provided correspond- 
ing to each capacitor. The charging control circuit comprises 
a switch, a diode and an inverter, the switch and the diode 
being coupled in parallel. The switch is turned on and off in 
response to a switching signal from the digital controller. 
The switch is changed to a turning- on state during a 
blanking period after one horizontal displaying. Upon 
turning-on of the switch, the capacitors are charged. Digital 
pixel data outputted from the digital controller undergoes a 
level changing depending on a voltage across the electrodes 
of the capacitors, according to a charge conservation. 

23 Claims, 7 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY DEVICE, 
DEVICE FOR CONTROLLING DRIVE OF 
LIQUID CRYSTAL DISPLAY DEVICE AND D/ 
A CONVERTING SEMICONDUCTOR 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an active-matrix type 
liquid crystal display device having a switching element for 
each pixel, and more particularly to a dot-inversion type 
liquid crystal display device which supplies voltages of 
different levels to the two switching elements corresponding 
to adjacent pixels. 

2. Discussion of the Background 

Thin Film Transistor (TFT) type liquid crystal display 
devices comprise a switching element and a pixel electrode 
(display electrode) for each of their pixels. Such devices are 
constituted in order that a transmittance of a liquid crystal 
layer changes depending on a voltage applied to the pixel 
electrode. One end of the switching element is supplied with 
a voltage in accordance with pixel data, and a voltage of the 
pixel electrode is controlled in accordance with the voltage 
applied to the switching element. 

Unchanged application of a voltage in the same direction 
to the liquid crystal layer gives rise to fixing of an arrange- 
ment of the liquid crystal, resulting in a slow motion of the 
liquid crystal and blackish displaying. Therefore, in order to 
cope with such problem, a liquid crystal display device 
adopting an inversion driving type, which allows the voltage 
applied to the liquid crystal layer to make an inversion in one 
frame unit (one screen), in one horizontal line unit or in one 
pixel unit, has been proposed. As shown in FIG. 1 and 
described below, a positive side analog voltage is applied to 
a first pixel of the liquid crystal layer and a negative side 
analog voltage is applied to an adjacent pixel. Because 
separate voltages are generated, the associated circuit may 
introduce time delays between these signals. Also such a 
circuit may process pixel data having a large number of bits. 
Thus the circuit may have a large power consumption for 
processing such data. 

For portable equipment driven with a battery, such as 
notebook type computers and electrical pocketbooks, 
lengths of driving time of the battery are essential factors 
which determine the added values of products, and products 
with a battery having a short life because of a large power 
consumption have a low commercial value, resulting in a 
lack of the competitive power in many cases. 

SUMMARY OF THE INVENTION 

From the foregoing, an object of the present invention is 
to provide a liquid crystal display device which consumes 
less power and causes no signal delay when a liquid crystal 
panel performs an inversion-type drive. 

In order to achieve the foregoing object, the first aspect of 
a device for controlling a liquid crystal display device of the 
present invention comprises a digital control circuit which 
receives a first voltage and a second voltage higher than the 
first voltage as reference voltages and outputs a plurality of 
digital pixel data, a plurality of capacitors, a charging control 
circuit and a digital- to -analog (D/A) converter. Each capaci- 
tor has a first terminal coupled to the digital control circuit 
to receive a corresponding one of the plurality of digital 
pixel data. Each input terminal of the charging control 
circuit is coupled to a second terminal of a corresponding 
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one of the capacitors. The D/A convener is coupled to each 
output terminal of the charging control circuit, and receives 
a fourth voltage and a fifth voltage higher than the fourth 
voltage as reference voltages, and outputs an analog voltage 

5 signal to a liquid crystal panel. After data is outputtcd from 
the charging control circuit, each second terminal of the 
capacitors is charged to a third voltage, charging is stopped 
in order to set each of the second terminals of the capacitors 
to a floating state, and the digital pixel data are outputted 

1Q from the digital control circuit 

The second aspect of a semiconductor device for control- 
ling a liquid crystal display device of the present invention 
comprises a digital control circuit which receives a first 
voltage and a second voltage higher than the first voltage as 

j5 reference voltages and outputs first and second digital pixel 
data, a plurality of capacitor elements, a charging control 
circuit, first and second D/A converters, and a switch. Each 
capacitor has a first terminal coupled to receive the first 
digital pixel data. Each input terminal of the charging 
control circuit is coupled to a second terminal of a corre- 
sponding one of the capacitors. The first D/A converter is 
coupled to each output terminal of the charging control 
circuit, and receives a fourth voltage and a fifth voltage 
higher than the fourth voltage as reference voltages, and 
outputs a first analog voltage signal. The second D/A con- 
verter receives the second digital pixel data outputted from 
the digital control circuit and receives a sixth voltage signal 
and a seventh voltage higher than the sixth voltage, and 
outputs a second analog voltage signal. The first switch 

3Q alternately switches in order to selectively apply either the 
first or second analog voltage signals to a liquid crystal panel 
at a predetermined timing. After data is outputted from the 
charging control circuit, each second terminal of the capaci- 
tors is charged to a third voltage, charging is stopped in order 

3s to set each second terminal of the capacitors to a floating 
state, and the first digital pixel data is outputted from the 
digital control circuit. 

In one of the first and second aspects of the semiconductor 
device for controlling a liquid crystal display device of the 

4Q present invention, the third aspect of the present invention 
has a feature in that after either the first digital pixel data or 
the second digital pixel data is outputted, either data 
obtained by adding the second voltage to the third voltage or 
data obtained by adding the first voltage to the third voltage 

45 is outputted from the charging control circuit via the capaci- 
tors. 

In one of the first to third aspects of the semiconductor 
device for controlling a drive of a liquid crystal display 
device, the fourth aspect of the present invention has a 

50 Mature in that the capacitors are charged during a blanking 
period from the completion of a displaying period of one 
horizontal line until the beginning of a displaying period of 
the next horizontal line. 

In one of the first to fourth aspects of the semiconductor 

55 device for controlling a liquid crystal display device, the 
fifth aspect of the present invention has a feature in that the 
charging control circuit comprises a second switch having 
one terminal coupled to the capacitors and the other terminal 
coupled to the third voltage. 

60 In one of the first to fifth aspects of the semiconductor 
device for controlling a liquid crystal display device, the 
sixth aspect of the present invention has a feature in that the 
charging control circuit comprises a diode having a cathode 
terminal coupled to the capacitors and an anode terminal set 

65 to the third voltage. 

In the fifth aspect of the semiconductor device for con- 
trolling a liquid crystal display device, the seventh aspect of 
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the present invention has a feature in that the second switch outputs a first analog voltage signal. The second D/A con- 
is turned on or off by a switching signal outputted from the verter receives a sixth voltage and a seventh voltage higher 
digital control circuit than the sixth voltage as reference voltages, thereby per- 

In one of the first to seventh aspects of the semiconductor forming an analog conversion for the second digital pixel 

device for controlling a liquid crystal display device, the S data, and outputs a second analog voltage signal. The switch 

eighth aspect of the present invention has a feature in that a switches between the first and second analog voltage signals 

potential difference between the first and second voltages is at either every one pixel or every one horizontal line and 

set to be equal to the voltage difference between the fourth selectively outputs either the first analog voltage signal or 

and fifth voltages. tne second analog voltage signal. The liquid crystal panel 

In one of the first to eighth aspects of the semiconductor 10 a PP Ucs cilhcr thc firsl "w^S volla & c si S Dal or ^ 

device for controlling a liquid crystal display device, the analo S volta g e si & nal to a plurality of switching elements 

ninth aspect of the present invention has a feature in that a lhcreof - ? ach switching element is arranged in correspon- 

potential difference between the fourth and fifth voltages is deQce wth each of a Polity of pixels of the panel. After 

set to be equal to the voltage difference between the sixth data * outputted from the charging control circuit, each said 

and seventh voltages, 15 anotner terminal of the capacitor is charged to a third 

T , „ . , . _ - # . , . voltage, charging is stopped in order to set each said another 

In one of the first to ninth aspects of the semiconductor , • i f ,t • . a . . j tL c . 

, . r t „. i- *j . * i • -a j - terminal of the capacitor to a floating state, and the first 

device for controlling a liquid crystal display device, the j ...... f . j* . , * * 

tenth aspect of the present invention has a feature in that the dl 8 ,tal P°< el data * 0U, P ulled frora lhe dl S 1,al conlro1 circu ' 1 ' 

third voltage is equal to the fourth voltage. In one of the thirteenth and fourteenth aspects of the liquid 

In one of the first to tenth aspects of the semiconductor 2 ° cf y stal dis P la y dcvice ' ! hc ,f ft " n,h as P« a °/ 'he present 

device for controlling a liquid crystal display device, the jnvwtion has a feature m that the swrtch is formed m the 

eleventh aspect of the present invention has a feature in that hquia crys a pane . 

the second voltage is equal to the fourth voltage. l fl 0De of the thirteenth and fifteenth of the liquid crystal 

In one of the second to eleventh aspects of the semicon- 25 dis P lav device > the sixteenth aspect of the present invention 

ductor device for controlling a liquid crystal display device, £as a feature in that the switch is a polysilicon type TFT(thm 

the twelfth aspect of the present invention has a feature in film transist0I > 

that the charging control circuit and the first D/A converter According to the present invention, since the voltage level 
are formed in the same chip. of tne digital pixel data outputted from the digital pixel data 
The thirteenth aspect of a semiconductor device for 30 is changed using the capacitor, a level shift circuit which has 
controlling a liquid crystal display device of the present been heretofore used is unnecessary so that a power con- 
invention comprises a digital control circuit which receives sumption can be significantly reduced and a circuit consti- 
a first voltage and a second voltage higher than the first lution can be simplified. Moreover, no signal delay occurs, 
voltage as reference voltages and outputs a plurality of thus enhancing an image quality of the liquid crystal panel 
digital pixel data, a plurality of capacitors, a charging control 35 screen * 

circuit, a D/A converter, and a liquid crystal panel. Each one OFSPRTPTIONS of THF DRAWINGS 

terminal of a capacitor is coupled to a corresponding one of BRIEF DESCRIPTIONS OF THE DRAWINGS 

the digital pixel data. Each input terminal of the charging for a more complete understanding of the present inven- 

control circuit is coupled to another terminal of said corre- t i on the advantages thereof, reference is now made to 

sponding one of the capacitors. The D/A converter is 40 the following description taken in conjunction with the 

coupled to each output terminal of the charging control accompanying drawings, in which: 

circuit, receives a fourth voltage and a fifth voltage higher FIG t ^ a view ii lustrat i n g a bit inversion type 

than the fourth voltage as reference voltages, and outputs an u - d (al display device; 

analog voltage signal to the liquid crystal panel. The liquid _ . . . . .. , , . . 

crystal panel applies the analog voltage signal to each of a 45 2 * a Mock diagram showing an inversion driving 

plurality of switching elements thereof. Each switching ^ hc l md cr ? stal d *P la y device i 

element is arranged in correspondence with each of a FIG 3 is a graph illustrating wave shapes of a positive 

plurality of pixels of the liquid crystal panel. After data is s j de analog voltage signal and a negative side analog voltage 

outputted from the charging control circuit, each said signal; 

another terminal of the capacitors is charged to a third 50 FIG. 4 is a circuit diagram showing a level shift circuit 

voltage, charging is stopped in order to set each said another shown in FIG. 2; and 

terminal of the capacitors to a floating state, and the digital piG. 5 is a graph illustrating wave shapes of input and 

pixel data is outputted from the digital control circuit. output voltages of the level shift circuit of FIG. 4. 

The fourteenth aspect of a semiconductor device for FIG. 6 is a block diagram showing a Uqu id crystal display 

controlling a liquid crystal display device of the present 55 device according to an embodiment of the present invention; 

invention comprises a digital control circuit which receives „ ir ^ _ . 4 . . . t . • t . ft . ,• 

^» • j j 1. I.* u *l .u « . FIG. 7 is a timing chart showing an operation of the liquid 

a first voltage and a second voltage higher than the first . . *? e vir a- 

«„ r i.^^ii 1 crystal uispiav oevice 01 rio. 0; 

voltage as reference voltages and outputs first and second J r ' 

digital pixel data, a plurality of capacitors, a charging control FIG - 8 fa a block diagram showing a liquid crystal display 

circuit, first and second D/A converters, a switch, and a 60 device which the configuration of the D/A converter 4 is 

liquid crystal panel. Each one terminal of each capacitor is lhe as that of the converter 3. 

coupled to receive the first digital pixel data. Each input DETAILED DESCRIPTION OF THE 

termina of the charging control circuit is coupled to another PREFERRED EMBODIMENTS 
terminal of corresponding one of the capacitors; the first D/A 

converter is coupled to each output terminal of the charging 65 A liquid crystal display device of the present invention is 

control circuit, receives a fourth voltage and a fifth voltage described in detail below and with reference to the accom- 

higher than the fourth voltage as reference voltages, and panying drawings. 
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FIG. 2 is a block diagram showing an inversion driving tors P2 and P4 and the NMOS transistor Nl are turned on, 

type liquid crystal display device. FIG. 1 is a schematic view and the PMOS transistors PI and P3 and the NMOS tran- 

for illustrating a bit inversion type liquid crystal display sistor N2 are turned off. Thus, the input terminal of the 

device. FIG. 3 is a graph illustrating wave shapes of a inverter INV3 has a voltage approximately equal to the 

positive side analog voltage and a negative side analog s power source voltage VDD2, and the output terminal has a 

voltage. The liquid crystal display device illustrated in FIG. voltage approximately equal to the power source voltage 

2 adopts a dot inversion type which inverts the voltage VDD1, 

applied to the liquid crystal layer in the one pixel unit. In the The level shift circuit 12 performs a level changing 

dot inversion type, the voltages applied to the liquid crystal operation for the digital pixel data Dl in order that the digital 

layers of adjacent two pixels arc inverted values, as shown 10 pixel data Dl is converted to the digital pixel data D3, as 

in FIG. 1 schematically. A voltage (positive side analog shown in FIG. 5. 

voltage) higher than a COM voltage (common voltage) as nG 5 is a graph fl lustrating wavc shapes of input and 

shown m FIG. 3 is applied to the liquid crystal layer of the output vo i tag es of the level shift circuit 12. Specifically, the 

pixel illustrated in FIG. 1 using a symbol A voltage high lcvd of mc digiul pixd data D1 ^ cquaJ l0 the powcr 

(negative side analog voltage) obtained by inverting the 15 source voltage vddi and the low level thereof is equal to 

positive side analog voltage symmetric with respect to the the &QUnd voltagc> and tnc higQ lcvcl of thc digital pixcl 

COM voltage is applied to the liquid crystal layer illustrated data m & equal t0 the power voltage VDD2 and the 

in FIG. 1 using a symbol j ow j evc i thereof is equal to the power source voltage 

The liquid crystal display device shown in FIG. 2 com- VDD1. The liquid crystal display device illustrated in FIG. 

prises a digital controller 11 for serially outputting digital 20 2 comprises the level shift circuit 12 having ihe configura- 

pixel data Dl and D2 which are composed of n bits, tion of FIG, 4 for each bit of the digital pixel data, 

respectively. A level shift circuit 12 converts a voltage level Referring again to FIG. 2, the D/A converter 13 converts 

of the digital pixel data Dl outputted from the controller 11 t h c digital pixel data D3 to the positive side analog voltage 

to form digital pixel data D3. A digital-to-analog (D/A) s i gna i Al, and outputs it. Similarly, the D/A converter 14 

converter 13 outputs a positive side analog voltage signal Al 25 converts t h e digital pixel data D2 to the negative side analog 

in response to the digital pixel data D3. A D/A converter 14 voltage signal A2, and outputs it. 

outputs a negative side analog voltage signal A2 in response The liquid crystal panel 15 irichjdes a pi ura ij ty of 

to the digital pixel data D2. A liquid crystal panel 15 includes sw j tc hes. For clarity, only switches SW2 and SW3 are 

thin film transistors (TFTs) that are arranged horizontally labeled. A source electrode line S2 for each pixel is coupled 

and vertically. 30 t0 one terra i na i 0 f both switches SW2 and SW3. The other 

The digital controller 11 uses a power source voltage terminal of the switch SW2 is coupled to the output terminal 

VDD1 and a ground voltage as a driving power source, of the D/A converter 13, and the other terminal of the switch 

which outputs digital pixel data of two kinds, one being the SW3 is coupled to the output terminal of the D/A converter 

power source voltage VDD1 that is high in level and the 14. 

other being the ground voltage that is low level. These 35 One of the switches SW2 and SW3 corresponding to each 

digital pixel data are outputted from a plurality of signal pixd i s turned on. The switches SW2 and SW3 for the 

lines in which a RGB signal line, a clock signal line, and a adjacent pixel are conversely turned on/off. Specifically, 

plurality of control signal lines (for example, horizontal and wne n the switch SW2 corresponding to a certain pixel is 

vertical synchronous signal lines) are included. For example, turned on? me switch SW3 corresponding to the other pixel 

the number of signal lines is about in an embodiment when adjacent to that pixel is turned on. 

the D/A converters 13 and 14 are 6 bit D/A converters. The ^ descri bed above, the switches SW2 and SW3, which 

digital pixel data D2 is inputted to the D/A converter 14, and correspond respectively to the adjacent pixels, are con- 

the other digital pixel data Dl is subjected to a level shift by versely turned on/off, so that one of the pixels adjacent to 

the level shift circuit 12 and thereafter inputted to the D/A ^ eacQ other ^ supplied ^ the positive side analog voltage 

converter 13. signal Al, and the other is supplied with the negative side 

FIG. 4 is a circuit diagram showing the level shift circuit analog voltage signal A2, as shown in FIG. 1. 

12. The level shift circuit 12 comprises PMOS transistors PI jh c inversion driving type liquid crystal display device 

to P4, NMOS transistors Nl and N2, and inverters INV1 to shown in FIG. 2 generates the positive side analog voltage 

INV3. The digital pixel data Dl from the digital controller 5Q signal Al and the negative side analog voltage signal A2 

11 arc applied to the input terrainai of the inverter INV1. f rom the digital pixel data. Formerly, the positive side analog 

For example, when a high level signal is applied to the voltage signal Al is generated by the level shift circuit 

input terminal of the inverter INV1, an output from the shown in FIG. 4. 

inverter INV1 is a low level, and an output from the inverter As described above, the digital pixel data are outputted 

INV2 is a high level. Therefore, the PMOS transistors PI 55 from about twenty signal lines. The level shift circuit 12 of 

and P3 and the NMOS transistor N2 are turned on, and the the structure shown in FIG. 4 is coupled to each of these 

PMOS transistors P2 and P4 and the NMOS transistor Nl signal lines in order to conduct the level changing operation, 

are turned off. Thus, the input terminal of the inverter INV3 Therefore, several problems may arise, 

is equal to the ground voltage. The inverter INV3 is driven First, when the digital pixel data are supplied to the D/A 

by the power source voltages VDD1 and VDD2. Therefore, 60 converter 13 via the level shift circuit 12, a signal delay may 

when the input terminal of the inverter INV3 is equal to the be created. Since the digital pixel data for generating the 

ground voltage, the output voltage of the inverter 1NV3 is negative side analog voltage A2 is directly inputted to the 

approximately equal to the power source voltage VDD2. D/A converter 14 without interposing the level shift circuit 

On the contrary, when a low level signal is applied to the 12, a difference between an output timing of the D/A 

input terminal of the inverter INV1, the output from the 65 converter 13 and an output timing of the D/A converter 14 

inverter INV1 is a high level, and the output from the may be produced, such that the difference may lower the 

inverter INV2 is a low level. Therefore, the PMOS transis- quality of the liquid crystal display image. 
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Secondly, the level shift circuit 12 may increase the power converters, each of which is coupled to a corresponding 

consumption. In the level shift circuit 12 shown in FIG. 4, charging control circuit 31. 

the direct current flows from the power source voltage Jh e liquid crystal panel 5 includes an image display 

VDD2 to the ground terminal at the moment when the input section 6 and a gate line driving circuit 7. The image display 

signal is inverted. It is predicted that the number of bits in S section 6 and the gate line driving circuit 7 may be conven- 

the D/A converters 13 and 14 increases hereafter. Corrc- tional and are well known to one skilled in the art. In the 

sponding to such circumstances, the number of the input image display section 6, a plurality of gate lines SI and a 

signal lines of them is increased. Therefore, the number of plurality of source electrode lines S2 are arranged horizon- 

the level shift circuits 12 has to be increased. However, the [ a \\y an d vertically, respectively. The polysilicon type TFT 

increase in the number of the level shift circuits 12 may give 10 Q, for example, is coupled to each intersection of the gate 

rise to an increase in the foregoing direct current, so that the ua es SI and the source electrode lines S2. The switches 

power consumption may further increase. SW2 and SW3 are coupled to one terminal of each of the 

FIG. 6 is a block diagram of a liquid crystal display device source electrode lines S2. The other terminal of the switch 

according to an embodiment of the present invention. The SW2 is supplied with the positive side analog voltage signal 

liquid crystal display device comprises a digital controller 1, 15 Al outputted from the D/A converter 3, and the other 

a level shift circuit 2, a plurality of capacitors C, digital-to- terminal of the switch SW3 is supplied with the negative 

analog (D/A) converters 3 and 4, and a liquid crystal panel side analog voltage signal A2 outputted from the D/A 

5, which performs a liquid crystal displaying according to converter 4. 

the foregoing dot inversion type. FIG. 7 shows a timing chart illustrating an operation of 

The digital controller 1 converts image data outputted 20 the liquid crystal display device of FIG. 6. The times T4 and 

from a central processing unit (CPU) (not shown) or the like T5 illustrated in the timing chart of FIG. 7 show the time 

to digital pixel data Dl and D2 for the liquid crystal period of the operation timing of one horizontal line of the 

displaying, and outputs it. The digital pixel data Dl is liquid crystal panel 5. The times Tl to T4 and T5 to T8 show 

inputted to the D/A converter 3 via the plurality of capacitors the blanking periods between the horizontal lines. 

C, and the digital pixel data D2 is inputted to the D/A 25 The digital pixel data D2 outputted from the digital 

converter 4. The digital pixel data Dl and D2 comprise a controller 1 is inputted to the D/A converter 4 and converted 

plurality of bits (n bits) including a RGB signal, a clock to the negative side analog voltage signal A2. On the other 

signal and control signals, respectively. The control signals hand, the digital pixel data Dl undergoes the level change by 

are, for example, a horizontal/vertical synchronous signals the capacitors C, and, thereafter, is inputted to the D/A 

and the like. 30 converter 3 for conversion to the positive side analog 

While each bit signal of - the digital pixel data Dl is voltage signal Al. 

inputted to the D/A converter 3 via a respective one of the The level shift circuit 2 converts the switching signal S3 

plurality of capacitors C, the digital pixel data D2 is directly outputted from the digital controller 1 to a signal S4, which 

inputted to the D/A converter 4. The D/A converter 3 is 35 has a voltage level between the power source voltages 

driven by the power source voltages VDD1 and VDD2 as a VDD1 and VDD2. The signal S4 is applied to a control 

drive power source and generates a positive side analog terminal of the switch SW1 in each of the charging control 

voltage signal Al in accordance with the digital pixel data circuits 31. 

Dl. On the other hand, the D/A converter 4 is driven by the As described above, the voltage levels of the digital pixel 

ground voltage and the power source voltage VDD1 as 4Q data Dl and the switching signal S3 are changed. This is 

another drive power sources and generates a negative side because while the digital controller 1 uses the ground 

analog voltage signal A2 in accordance with the digital pixel voltage and the power source voltage VDD1 as the driving 

data D2. power source, the D/A converter 3 uses the power source 

In another embodiment of the present invention, the D/A voltages VDD1 and VDD2 as the driving power source, 

converter 3 may be driven by a third power source voltage 45 As shown in FIG. 7, the digital controller 1 sets the 

that differs from the power source voltage VDD1. switching signal S3 and thereby S4 at a high level for a 

In one embodiment of the present invention, the voltage predetermined period of time within each blanking period 

difference between the power source voltage VDD1 and the after displaying one horizontal line. At the same time, the 

ground voltage is set equal to the voltage difference between digital controller 1 sets all bits of the digital pixel data Dl 

the power source voltages -VDD1 and VDD2. For example, 50 _at a low level (ground voltage) (time T2 to T3, and T6 to T7). 

the power source voltage VDD1 is set to 5V, and the power When the switching signal S4 becomes a high level, the 

source voltage VDD2 is set to 10V. switch SW1 is turned on, so that the voltage of the coupled 

The D/A converter 3 includes a plurality of charging P atn of me capacitor C and the switch SW1 is set to the 

control circuits31 and a D/A converting section . Each of the P° w er source voltage VDD1. At this time, a level at one 

control circuits 31 is arranged to correspond with one of the 55 terminal of each capacitor C is set to a low level by the 

capacitors C. Each of the charging control circuits 31 digital controller 1, and the power source voltage VDD1 is 

comprises a switch SW1 and a diode D which are coupled applied to the other terminal of each capacitor C. Thus, each 

in parallel, and an inverter INV. The switch SW1 is con- of ^ capacitors C is charged. 

trolled to be turned on or off in response to a switching signal Although a charging time of the capacitor C is not 

inputted thereto from the digital controller 1 via the level 60 particularly limited, the capacitor C preferably is fully 

shift circuit 2. One terminal of the switch SW1 and the charged during one charging operation. For example, if the 

cathode terminal of the diode D are coupled to one terminal blanking period is set to about 5 (s, the charging may be 

of the capacitor C and the input terminal of the inverter INV. performed for about 2 (s within the blanking period. 

The other terminal of the switch SW1 and the anode terminal When the blanking period is completed, the digital pixel 

of the diode D are set to the power source voltage VDD1. In 65 data Dl is outputted from the digital controller 1. The digital 

one embodiment of the present invention, the D/A convert- pixel data Dl is a signal voltage having two voltage levels, 

ing section 32 comprises a plurality of digital-to-analog one being the ground voltage at a low level and the other 
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being the power source voltage VDD1 at a high level. This In the charging control circuit 31 shown in FIG. 6, while 

voltage is applied to one terminal of the capacitor C. the switch SW1 and the diode D are coupled in parallel, 

At the time when the blanking period is completed, the cither of them may be omitted. When, for example, the 

capacitor C is approximately in a fully charged state, and the switch SW1 is omitted and only the diode D is left, the 

voltage across both terminals of the capacitor C is approxi- 5 voltage at the coupled path of the capacitor C and the 

mately equal to the power source voltage VDD1. Therefore, inverter INV is set to approximately the power source 

when the digital pixel data Dl is applied to one terminal of voltage VDD1. By making all of the bits of the digital pixel 

the capacitor C, the other terminal of the capacitor C is data Dl low in level during the blanking period, all of the 

subjected to a level shift to a signal voltage according to a capacitors C can be charged. Furthermore, in this case, il is 

charge conservation law, the signal voltage having two 1Q unnecessary to output the switching signal S3 from (he 

voltage levels, one of which is the power source voltage digital controller 1. 

VDD1 at a low level, and the other of which is the power On the contrary, when the diode D is omitted and only the 

source voltage VDD2 (VDD1+VDD1) at a high level. switch SW1 is left, the capacitor C can be charged by turning 

Moreover, the diode D is coupled to the common node of on/off the switch SW1, and an operation similar to the circuit 

the capacitor C and the inverter INV so that the diode D is of FIG. 6 is performed. In this case, the diodes D can be 

inversely biased, and the anode terminal of the diode D is 15 omitted by the number equal to that of the capacitors C, 

fixedly set to the power source voltage VDD1. Hence, the whereby the circuit constitution of the liquid crystal display 

minimum voltage level of this common node is approxi- device can be simplified. 

mately equal to the power source voltage VDD1. I Q tne above described embodiment of the present 

As described above, the coupling of the cathode terminal nn invention, although the capacitor C is charged during the 

of the diode D to the coupled path of the capacitor C and the blanking period after displaying one horizontal line, the 

inverter INV holds a voltage applied to the inverter INV to charging of the capacitor C may be performed during 

be less than the power source voltage VDD1, so that the another blanking period after displaying one screen (one 

diode D also functions as an input protection diode. frame >- Moreover, the charging of the capacitor C may be 

The digital pixel data passing through the charging con- 2 , also performed during both of the blanking periods after 

trol circuit31 is converted to the positive side analog voltage displaying one horizontal line and displaying one screen, 

signal Al and outputted from the D/A converter 3. The In the above described embodiment of the present 

analog voltage signals Al and A2outputted from the respec- invention, the dot-inversion type liquid crystal display 

tive two D/A converters 3 and 4 are inputted to the respec- device whlch inverts the volta e e a PP hed to the ^ for each 

tive switches SW2 and SW3 in the liquid crystal panel 5. 30 P* el has been described. The present invention can be 

These switches SW2 and SW3 are provided for each pixel. applicable also to the case where the voltage is inverted for 

Each of the switches SW2 and SW3 corresponding to a pixel each horizontal line or the voltage is inverted for each screen 

is controlled to be conversely turned on or off. The switch ( framc )' Alternatively, the voltage may be inverted for each 

corresponding to a certain pixel is turned on or off con- g rou P of a plurality of groups comprising plural pixels, 

versely to the switch corresponding to the adjacent pixel. 35 The liquid crystal display device of FIG. 6 performs the 

Thus, similar to the device of FIG. 2, the positive side analog level conversion of the digital pixel data Dl using the 

voltage signal Al and the negative side analog voltage signal capacitor C, and in another embodiment of the present 

A2 are alternately supplied to the source electrode line S2 in invention, a MOS transistor and the like may be used instead 

the liquid crystal panel 5. °f tDe capacitor C for performing an equivalent function to 

As described above, the dot inversion type liquid crystal 40 that of the capacitor C. 

display device of this embodiment of the present invention Moreover, although in FIG. 6, the charging control circuit 

is constituted such that each of the capacitors C is coupled 31 ^ provided within the D/A converter, in another embodi- 

to the corresponding bit of the digital pixel data Dl supplied ment of tne present invention, the charging control circuit 31 

from the digital controller 1, and the voltage level of the and the D/A converter may be separated and provided in 

digital pixel data Dl is converted by periodically charging 45 different chips. 

the capacitor C. Hence, unlike the device shown in FIG. 2, As shown in FIG. 6, because the D/A converter 4 is not 

it is unnecessary to couple the level shift circuit with each coupled to the capacitor. C, the D/A converter 4 does not 

bit, leading to a great reduction in the power consumption of need a charging control circuit 31. However, in another 

the liquid crystal display device. embodiment of the present invention, the configuration of 
. ..In the embodiment of FIG.. 2, the g^gUai pixel data Dl.is_.50. ^* 9/*^°™*^ 4 may be the same as that of the DyA 

transmitted through the level shift circuit 12, and applied to converter 3. 

the D/A converter 13, which may cause a signal delay. In the FIG. 8 is a block diagram showing a liquid crystal display 

liquid crystal display device of the embodiment of the device in which the configuration of the D/A converter 4 is 

present invention shown in FIG. 6, since the digital pixel the same as that of the D/A converter 3. As shown in FIG. 

data Dl is inputted through the capacitor C to the D/A 55 8, it is desirable to connect the control terminal of the switch 

converter 3, the signal delay is minimal. Consequently, the SW1 in the D/A converter 4 to the ground terminal, so that 

difference between the outputting times of the positive and the switch SW1 is always turned off. 

negative side analog voltage signals Al and A2 supplied to Thus, when the D/A converters 3 and 4 have the same 

the liquid crystal panel 5 is minimal, thus increasing the configuration, it is possible to decrease the number of 

image quality of the liquid crystal display screen. 60 different types of parts in the liquid crystal display device; 

In the charging control circuit 31 of FIG. 6, the diode D consequently, the production process of the liquid crystal 

which has been heretofore used for the input protection is display device is simplified. 

used also for charging the capacitor C, and only the switch Obviously, numerous modifications and variations of the 
SW1 and the capacitor C are newly needed. Therefore, the present invention are possible in light of the above teach- 
circuit constitution can be greatly simplified, compared to 65 ings. It is therefore to be understood that within the scope of 
the case where the level shift circuit in the liquid crystal the appended claims, the invention may be practiced other- 
display device of FIG. 2 or the like is provided, wise than as specifically described herein. 
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What is claimed is: 

1. A device for controlling a liquid crystal display device 
comprising: 

a digital control circuit for receiving a first voltage and a 
second voltage higher than the first voltage as reference 
voltages and having a plurality of outputs, each output 
providing a plurality of bits of digital image data in 
parallel and in response to said reference voltages; 

a plurality of capacitors, each capacitor having a first 
terminal coupled to the corresponding one of said 
plurality of outputs of said digital control circuit for 
receiving said plurality of digital image data and having 
a second terminal; 

a plurality of charging controllers, each charging control- 
ler having an input terminal coupled to the second 
terminal of a corresponding one of said capacitors and 
having an output terminal; and 

a digital-to-analog (D/A) converter coupled to the output 
terminal of each said charging controller, said D/A 
converter receiving a fourth voltage and a fifth voltage 
higher than the fourth voltage as reference voltages and 
outputting an analog voltage to an external liquid 
crystal panel, 

wherein after data is outputtcd from said charging 
controller, each second terminal of said capacitors is 
charged to a third voltage, charging is stopped in order 
to set each of the second terminals of said capacitors to 
a floating state, and said digital image data are output- 
ted from the digital control circuit. 

2. A device for controlling a liquid crystal display device 
comprising: 

a digital controller for receiving a first voltage and a 
second voltage higher than the first voltage as reference 
voltages and outputs first and second digital pixel data; 

a plurality of capacitors, each capacitor having a first 
terminal coupled to the digital controller for receiving 
the first digital pixel data and having a second terminal; 

a plurality of charging controllers, each charging control- 
ler having an input terminal coupled to the second 
terminal of a corresponding one of said capacitors; 

a first digital-to- analog (D/A) converter coupled to each 
output terminal of said charging controller, the first D/A 
converter receiving a fourth voltage and a fifth voltage 
higher than the fourth voltage as reference voltages and 
outputting a first analog voltage signal; 

a second D/A converter for receiving said second digital 
pixel data outputted from the digital control circuit, the 
second D/A converter receiving a sixth voltage- and a 
seventh voltage higher than the sixth voltage and 
outputting a second analog voltage signal; and 

a first switch for alternately switching between the first 
and second analog voltage signals in order to selec- 
tively apply either the first or second analog voltage 
signal to a liquid crystal panel at a predetermined 
timing, 

wherein after data is outputted from said charging 
controller, each second terminal of said capacitors is 
charged to a third voltage, charging is stopped in order 
to set each second terminal of said capacitors to a 
floating state, and said first digital pixel data is output- 
ted from said digital controller. 

3. The device for controlling a liquid crystal display 
device according to claim 2, wherein after either said first 
digital pixel data or said second digital pixel data is 
outputted, either data obtained by adding said second volt- 
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age to said third voltage or data obtained by adding said first 
voltage to said third voltage is outputted from said charging 
controller via said capacitors. 

4. The device for controlling a liquid crystal display 
device according to claim 2, wherein the charging of the 
capacitors is performed in a blanking period from the 
completion of a displaying period of one horizontal line until 
the beginning of a displaying period of the next horizontal 
line. 

5. The device for controlling a liquid crystal display 
device according to claim 2, wherein said charging control- 
ler comprises a second switch having one terminal coupled 
to said capacitors and having another terminal set to said 
third voltage. 

6. The device for controlling a liquid crystal display 
device according to claim 5, wherein said second switch is 
turned on or off by a switching signal outputted from said 
digital controller. 

7. The device for controlling a liquid crystal display 
device according to claim 2, wherein each of said charging 
controllers comprises a diode having a cathode terminal 
coupled to the corresponding second terminal of said capaci- 
tors and an anode terminal set to said third voltage. 

8. The device for controlling a liquid crystal display 
device according to claim 2, wherein a potential difference 
between said first and second voltages is equal to a potential 
difference between said fourth and fifth voltages. 

9. The device for controlling a liquid crystal display 
device according to claim 2, wherein a potential difference 
between said fourth and fifth voltages is equal to a potential 
difference between said sixth and seventh voltages. 

10. The device for controlling a liquid crystal display 
device according to claim 2, wherein said third voltage is 
equal to said fourth voltage. 

U. The device for controlling a liquid crystal display 
device according to claim 2, wherein said second voltage is 
equal to said fourth voltage. 

12. The device for controlling a liquid crystal display 
device according to claim 2, wherein said charging control- 
ler and said first D/A converter are formed in the same chip. 

13. A liquid crystal display device, comprising: 

a digital controller which receives a first voltage and a 
second voltage higher than said first voltage as refer- 
ence voltages and outputs a plurality of digital pixel 
data; 

a plurality of capacitors, each one terminal of which is 
coupled to a corresponding one of said digital pixel 
data; 

a charging controller, each input terminal of which is 
coupled to another terminal of a corresponding one of 
said capacitors; and 

a digital-to-analog (D/A) converter coupled to each output 
terminal of said charging controller, said D/A converter 
receiving a fourth voltage and a fifth voltage higher 
than the fourth voltage as reference voltages and out- 
putting an analog voltage signal to a liquid crystal 
panel, 

said liquid crystal panel comprising a plurality of switch- 
ing elements and applying said analog voltage signal to 
each of said plurality of switching elements, each 
switching element being arranged in correspondence 
with each of a plurality of pixels, 

wherein after data is outputted from said charging 
controller, each said another terminal of said capacitors 
is charged to a third voltage, charging is stopped in 
order to set each said another terminal of said capaci- 
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tors to a floating state, and said digital pixel data is 
outputted from said digital controller. 

14. A liquid crystal display device, comprising: 

a digital control circuit which receives a first voltage and 
a second voltage higher than the first voltage as refer- s 
ence voltages and outputs first and second digital pixel 
data; 

a plurality of capacitors, one terminal of each capacitor 
being coupled to receive said first digital pixel data; 

a charging control circuit, each input terminal thereof 10 
being coupled to another terminal of corresponding one 
of said capacitors; 

a first digital -to- analog (D/A) converter coupled to each 
output terminal of said charging control circuit, said 
first D/A converter receiving a fourth voltage and a fifth 15 
voltage higher than said fourth voltage as reference 
voltages and outputling a first analog voltage signal; 

a second D/A converter which receives a sixth voltage and 
a seventh voltage higher than said sixth voltage as 
reference voltages, and performing an analog conver- 20 
sion of said second digital pixel data, and outputs a 
second analog voltage signal; 

a switch for switching between said first and second 
analog voltages for either every one pixel or every one 
horizontal line and selectively outputting either said 25 
first analog voltage signal or said second analog voltage 
signal; and 

a display panel having a plurality of switching elements 
and a plurality of pixels, the display panel applying 3Q 
either said first analog voltage signal or said second 
analog voltage signal to said plurality of switching 
elements, each switching element being arranged in 
correspondence with each of said plurality of pixels, 

wherein after data is outputted from said charging control 35 
circuit, each said another terminal of said capacitors is 
charged to a third voltage, charging is stopped in order 
to set each said another terminal of said capacitors to a 
floating state, and said first digital pixel data is output- 
ted from said digital control circuit. 4Q 

15. The liquid crystal display device according to claim 
14, wherein said switch is formed in said display panel. 

16. The liquid crystal display device according to claim 
14, wherein said switch is a polysilicon type thin film 
transistor. 

45 

17. A digital-to-analog converting semiconductor device 
formed on a semiconductor substrate comprising: 

a plurality of charging control circuits, each charging 
control circuit including a switch and a diode connected 
in parallel, said switch being turned on or off in 50 
response to a control signal, and said plurality of 
charging control circuits outputting digital signals with 
voltage levels regulated by turning on/off said switches; 

a digital-to-analog (D/A) converter for outputting analog 
voltage signals in accordance with the digital signals 55 
outputted from said plurality of charging control 
circuits, and in response to first and second reference 
voltages applied to respective first and second voltage 
input terminals; 

wherein an anode terminal of said diode is coupled to said 60 
first voltage input terminal, and a cathode terminal of 
said diode is coupled to an input terminal of the 
corresponding one of said plurality of charging control 
circuits. 

18. A liquid crystal display device comprising: 65 
first and second digital-to-analog (D/A) converting 

devices comprising a plurality of charging control 



Bl 

14 

circuits, each of the charging control circuits including 
a first switch, a diode connected in parallel to said first 
switch, and a D/A converter which outputs analog 
voltage signals in accordance with digital signals 
applied to input terminals of said plurality of charging 
control circuit, and in response to reference voltages 
applied to a first voltage input terminal and a second 
voltage input terminal thereof; 
a digital control circuit for outputting a plurality of bits of 
digital image data in parallel, in response to reference 
voltages having a first voltage and a second voltage 
higher than the first voltage; 
a plurality of capacitors, each capacitor having one ter- 
minal for application of said digital image data thereto; 
a second switch for switching between first analog voltage 
signals outputted from said first D/A converting semi- 
conductor device and second analog voltage signals 
outputted from said second D/A converting semicon- 
ductor device at either every one pixel or every one 
horizontal line; and 
a pixel arraying section comprising switching elements 
arranged at every pixel, either said first or second 
analog voltage being applied to each of said switching 
elements. 

19. The liquid crystal display device of claim 18, wherein: 
for said first D/A converting device, a fourth voltage is 

applied to said first voltage input terminal thereof, a 
fifth voltage higher than said fourth voltage is applied 
to said second voltage input terminal thereof, and each 
of said input terminals of said plurality of charging 
control circuits is coupled to the other terminals of the 
corresponding one of said capacitors; 
for said second D/A converting device, a sixth voltage is 
applied to said first voltage input terminal thereof, a 
seventh voltage higher than said sixth voltage is applied 
to said second voltage input terminal thereof, and said 
plurality of digital image data are applied to the cor- 
responding one of said input terminals of said plurality 
of charging control . circuits. 

20. The liquid crystal display device of claim 18, wherein: 
said first switch of either one said first or second D/A 

converting semiconductor device is always turned off, 
and said first switch of the other is repeatedly turned 
on/off at a predetermined cycle. 

21. A device for controlling a liquid crystal display device 
comprising: 

a digital signal controller providing first and second 
digital image signal, each image signal having a first 
state in which the level of the image signal is in a first 
voltage range and having a second state in which the 
level of the image signal is in a second voltage range; 

a signal level shifter coupled to the digital signal control- 
ler and having an output for providing a third digital 
image signal having a first state in which the level of 
the image signal is in a third voltage range and having 
a second state in which the level of the image signal is 
in a fourth range, the first and third voltage ranges 
being different, the second and fourth voltage ranges 
being different; and 

a first digital-to-analog converter coupled to the output of 
the signal level shifter for converting the third digital 
image signal to a first analog signal in response to a first 
reference voltage; 

a second digital-to-analog converter coupled to the digital 
signal controller for converting the second digital 
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image signal to a second analog signal, (be first and 
second analog signals being applied to a liquid crystal 
panel at a predetermined timing. 

22. The device of claim 21 wherein the signal level shifter 
includes a plurality of capacitors, and after the first and s 
second digital-to-analog converters output the analog 
signals, each capacitor is charged to have a voltage drop 
approximately equal to the difference between the first and 
second voltage ranges. 

23. A D/A converting semiconductor device formed on a 10 
semiconductor substrate comprising: 

a plurality of charging control circuit, each of which 
includes switching means and a diode connected in 
parallel; 
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a D/A converter for outputting analog voltages in accor- 
dance with digital signals applied to input terminals of 
said plurality of charging control circuit, the analog 
voltages being generated on the basis of reference 
voltages applied to a first voltage input terminal and a 
second voltage input terminal; wherein: 
said switching means is turned on/off in accordance 

with the logic of a control signal from outside; 
an anode terminal of said diode is coupled to said first 

voltage input terminal; 
a cathode terminal of said diode is coupled to an input 

terminal of the corresponding one of said plurality of 

charging control circuit. 

* + + + + 
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